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This study was done with four different Swedish cheese samples in terms of cheese 
variety, brand and sensorial properties. The objectives of the current study were to 
identify the different microorganisms present in the Swedish hard cheese by matrix 
assisted laser desorption ionization-time of flight mass spectrometry (MALDI ToF 
MS) and to test the suitability of the method to be use for cheese. And also, to iden-
tify differences between good and bad sensorial quality hard cheese in terms of 
microbial composition. Four different cheese samples were cultivated on four dif-
ferent agar media under both aerobic and anaerobic conditions and the resulted 
colonies were identified by MALDI ToF MS. This technique allows to identify 
most of the bacteria only up to species level due to the limitation of database on 
subspecies and strains levels and some of the microorganisms stayed unidentified. 
The log colony forming units per gram of cheese was not significantly different 
among cheese A-good, A-bad, B and C. However, the microbial composition was 
different for all studied cheese samples. Also, the good and bad sensory quality 
cheeses were significantly different in terms of microbial composition and the 
method can be considered as the first tool for deeper investigation of cheese micro-
biota. 
Keywords: MALDI ToF MS, microbial identification, cheese, microbial 
quality, starter culture bacteria 
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Cheese is a popular food item among dairy products. At present, large number of 
cheese varieties are produced and many scientists are involved in studies and re-
searches on cheese with range of scientific disciplines: milk biochemistry, chemi-
cal properties of cheese constituent, enzymes, microbiota, genetics, nutrients, toxic 
compounds, rheology, flavour and chemical engineering related with cheese pro-
duction (McSweeney et al., 2004). Microbiota is highly related with cheese quality 
and safety. According to the hazard analysis and critical control points (HACCP) 
plans, control of milk microbiota which is used at dairy plants is crucial. There-
fore, rapid methods of microbiota identification is a must in cheese industry (Pa-
pademas, 2014). 
Swedish cheeses are very popular in Swedish dairy sector. Vasterbotten, Pras-
tost, Greve, Herrgardsost, Blagotland, Svecia and Hushallsost like cheese types 
are some of them. Current study was conducted by using three types of Swedish 
long ripened cheese, and they are named hereafter as cheese A, B, C. In cheese A, 
two cheese types as good and poor were studied, in terms of sensorial properties. 
Cheese B and C are two commercial brands of another cheese type available in 
Sweden.   
Hence as the cheese texture and quality are highly related with biochemical re-
actions promoted by starter- and secondary microbiota, identification of microbial 
composition with rapid, accurate techniques are very important (Beresford et al., 
2001). Today, most popular and highly used microbial identification methods are 
DNA or RNA based molecular methods. However, these methods need trained 
laboratory personnel to run the process and DNA sequencing methods are expen-
sive and not suitable for routine analyses. Therefore, matrix assisted laser desorp-
tion ionization-time of flight mass spectrometry (MALDI ToF MS) is suggested as 
a good way of microbial identification in cheese industry. It gives rapid results 
within few minutes with a higher accuracy. Very small quantity of microbiota is 
enough for identification. And, the analyses costs are relatively lower compared 
with other molecular techniques (Angeletti, 2017). 
1 Introduction 
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The main objectives of this study were to identify microbial composition of 
different types of Swedish hard cheese by MALDI ToF MS and to test the suitabil-
ity of the method to be used on cheese as a matrix. And, to identify the differences 
between good and bad sensorial hard cheese in terms of microbial composition. 
Hypotheses of the study were: 
 Different types of Swedish hard cheeses contain different microorgan-
isms 
 Microbial composition is different between good and bad quality hard 
cheese of same cheese type 
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2.1 Cheese 
Cheese is a highly diverse dairy food item which was initially developed as an 
attempt to preserve milk. Today, around 1000 varieties of cheeses are produced in 
different areas of the world (O’Mahony and Fox, 2014). Classification of cheese is 
not an easy task due to its complexity and diversity. Therefore, most of the cheese 
classification systems are based on one factor or combination of few factors such 
as textural characters, source of milk, method of coagulation, ripening agent, tem-
perature used for cooking and composition of cheese (Almena-Aliste and Mietton, 
2014). 
Based on the moisture content present in the cheese, cheese can be classified 
into groups as extra hard, hard, semi-hard, semi-soft and soft. Extra hard and hard 
cheeses are ripened for a longer period of time and therefore, contains very less 
moisture content.  
In some of the cheese varieties, starter culture bacteria accumulate in the mac-
roscopic cavities of grains in which whey contains, when the grains are collected 
below the surface of the whey. Initially the produced gas dissolve in liquid and 
with continuous bacterial growth, local super saturation occurs and small holes are 
created. These holes are called for eyes.  
2.2 Factors influencing the quality of the cheese 
Cheese quality is a broad term and it is mainly related with the appearance, tex-
ture, flavour, functionality and nutritional value. Quality of the final cheese is de-
termined by numerus production steps and manufacturing process with different 
conditions. 
2 Literature Review 
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Initial microorganisms present in the milk and secondary microorganisms affect 
on the cheese quality. And, ripening temperature and length, the quality of raw 
milk also affect on final quality of the cheese (Fox et al., 2017). Microbiota pre-
sents in the cheese determine the future of cheese characters, shelf-life and safety 
of the product (Irlinger and Mounier, 2009). 
2.3 Methods to identify microbiota in milk and cheese 
As the cheese quality and shelf life is highly associated with the microbial compo-
sition of the cheese, it is important to identify the microbiota present in the final 
product as well as the raw milk. There are three methods of identification of mi-
croorganisms. First method is the cultivation of microbiota followed by phenotyp-
ic characterisation and the second is cultivation, followed by molecular characteri-
sation. The third method is dependent on only molecular characterisation without 
cultivation. Classical cheese microbiology is mainly dependent on the first meth-
od. In that, homogenised cheese samples are cultivated on a range of media and 
then isolated colonies are further characterised. However, this method is unreliable 
due to the dependency of phenotypic characters, on culture media and environ-
ment. Sensitivity is also limited in this method; therefore, this cannot be used to 
differentiate subspecies or strains. Molecular methods overcome these limitations 
related to phenotypic characterisation. However, culture dependent molecular 
characterisation has the risk of assessing only a fraction of the microbial commu-
nity. Therefore, culture independent molecular methods should be further intro-
duced for cheese microbial identification (Beresford et al., 2001). 
 
2.4 Sensory properties of the cheese 
Consumer acceptance is the most important factor which should be considered 
when producing a product to market. Most important sensory properties are taste, 
aroma and texture. Lipolysis and proteolysis have an impact on the flavour of 
cheese (Grappin and Beuvier, 1997). Moisture, protein and fat content is the major 
determinants of cheese texture (Zheng et al., 2016). These aspects can be evaluat-
ed by sensorial panels or using instruments. In the food industry pH meters, acidity 
meters, penetrometers, texture analysers, electronic tongues and noses like instru-
ments are used to evaluate these characters. 
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2.5 Beneficial microorganisms 
In generally starter culture can be defined as a specific microorganism or collec-
tion of microorganisms which are inoculated directly into food material to obtain 
the expected fermentation and by that to achieve the desired development of the 
product. These changes are the improvement in keeping quality, enhanced food 
safety, improvement in nutritional value, increase in sensory qualities and eco-
nomical value in the final product (Hutkins, 2008). Most of the time lactic acid 
bacteria (LAB) are used as starter cultures. The most common LAB among many 
others are Lactococcus, Lactobacillus, Leuconostoc and Propionic acid bacteria. 
Lactococcus are gram positive, spherical shaped, facultative anaerobic, non-
spore forming, homofermentative bacteria belonging to Streptococcacea family. 
Lactococcus lactis (L. lactis) plays a major role in the dairy industry as a probiotic 
starter culture.  
Lactobacillus are gram positive, rod shaped bacteria belonging to Lactobacil-
laceae family. They are symbiotic anaerobic bacteria (George and Raizul Haque, 
2013). Lactobacillus paracasei (L. paracasei) is an important species used in dairy 
industry and can be found in human and animal gut (Smokvina et al., 2013). This 
LAB act as an probiotic strain and provide health benefits (Desmond et al., 2004).. 
Leuconostoc are gram positive, facultative anaerobic, heterofermentative, ovoid 
shaped cocci belonging to Leuconostocaceae family. Leconostoc species are im-
portant in food and beverage industries due to their capability of improving nutri-
tional and organoleptic qualities and shelf life (Caplice and Fitzgerald, 1999). 
They produce eyes in cheese due to carbon dioxide production and contribute to 
the characteristic flavours in cheese due to flavour compounds (Hemme and Fou-
caud-Scheunemann, 2004). These species produce diacetyl which contributes for 
the flavour in cheese by citrate metabolism (Starrenburg and Hugenholtz, 1991). 
Lactococcus, Lactobacillus and Leuconostoc have the ability to convert lactose 
into lactic acid and therefore, they are used as starter cultures. Propionobacterium 
and penicillium like other microorganisms are also used in cheese making. Hence 
they do not involve in acid production, they are called as secondary cultures. Their 
major role is production of organoleptic and biochemical changes in cheese (Fox 
et al., 2004). 
Propionibacteria is gram positive bacteria, which prevents the moulds and 
gram-negative bacterial growth. Carbon dioxide produced by these bacteria reduc-
es the pH and make an anaerobic environment which is not favourable for aerobic 
spoilage microorganisms. In most of Swiss cheese productions, propionibacteria is 
the cause for characteristic “eyes” presence in cheese due to production of carbon 
dioxide. Size of these eyes are changed by manufacturers by controlling acidity, 
temperature, and curing time of the mixture (Caplice and Fitzgerald, 1999). 
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2.6 Non beneficial microorganisms 
Pseudomonas species have the ability to decompose protein and fat by using their 
enzymes such as proteinases and lipases respectively at the low temperatures. This 
phenomenon results in bitter flavour in the milk used for cheese production. Coli-
forms make the early blowing and disagreeable taste which reduces the quality of 
the final production. These bacteria should be eliminated by sufficient pasteuriza-
tion process. Clostridium tyrobutyricum like bacteria cause serious problems due 
to their capability of spore formation and survival of spores under pasteurization. 
They ferment the lactic acid and produce butyric acid which has an unsavoury 
taste. Also hydrogen gas is developed during the maturation, which destroy the 
cheese texture (Bylund, 1995). 
2.7 MALDI ToF method 
2.7.1 Applications in microbial diagnosis by MALDI ToF method 
Current application of MALDI ToF MS is relatively higher in clinical microbio-
logical sector. This method has the ability to identify bacteria up to species level in 
most of the clinical laboratories in very few minutes. Identification of viruses, 
identification of mutations, screening of virus subtypes from clinical samples and 
using them in molecular epidemiology is another application of this method in 
clinical sector (Cobo, 2013). 
Researches based on lipid and phospholipid identification (Schiller et al., 
2004), identification of pathogens from patients’ blood and urine samples (Wieser 
et al., 2012), amide hydrogen exchange measurements (Mandell et al., 1998) are 
most of the aspects currently tested with MALDI ToF MS. 
Identification of pathogenic as well as beneficial microorganisms in food and 
dairy sector by MALDI ToF MS has been increased in the past few years (Giebel 
et al., 2010). Microbial identification can be done by either comparing the peptide 
mass fingerprint (PMF) of unknown organism with the PMFs contained in the 
database or comparing the masses of biomarkers of unknown organism with pro-
teome database (Singhal et al., 2015). 
 
2.7.2 Advantages and disadvantages of MALDI ToF method 
The main advantage of MALDI ToF method is its rapidity. It gives the results 
within few minutes. MALDI ToF MS is sensitive. It has the ability to identify the 
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microorganism from very low amount of material and also it can identify bacteria 
as well as viruses and fungus (Angeletti, 2017).  
A main drawback of MALDI ToF method is limitation in identification due to 
limited database which makes it difficult to identify some of the microorganisms 
up to strain level. Therefore, the data base should be always updated with the de-
tails of new microbial spectra (Cobo, 2013). This method has a higher initial cost 
due to the MALDI ToF equipment (Singhal et al., 2015).  
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3.1 Cheese samples 
Four types of cheese samples were used for the study. Cheese A-good, A-bad, B 
and C. Cheese A was a hard, granular eyed cheese which was ripened for one year. 
A-good and A-bad were two different samples of cheese A, in terms of sensorial 
properties. Cheese A-good was identified as good sensorial cheese and cheese A-
bad was identified as bad sensorial quality cheese by a sensorial panel of a popular 
Swedish dairy company. Cheese B and C were two different brands of semi-hard, 
round-eyed cheese of same type, ripened for ten months. Cheese samples were 
stored in a cold room at 4°C before use. 
3.2 Phosphate-buffered saline solution preparation 
Phosphate-buffered saline (PBS) solution was prepared according to the standard 
protocol (Cold spring harber PBS protocol). 500 ml of prepared PBS solution was 
stored at 27°C in a laboratory glass bottle after autoclaving at 121°C for 30 
minutes (CertoCLAV A-4050 autoclave, CertoClav Sterilizer GmbH, Traun, Aus-
tria). pH of the PBS solution was 7.2. 
3.3 Agar media preparation 
Four types of agar media were used to obtain as much as possible of the microor-
ganisms present in the cheese. Rogosa agar (pH 5.5; Merck KGaA, Darmstadt, 
Germany) was used as a Lactobacillus selective agar medium and M-17 (pH 6.9; 
OXOID Ltd., Basingstoke, Hampshire, England)) was used as lactic streptococci 
selective medium. Tryptic soy agar (TSA) (pH 7.3) and plate count agar (PCA) 
3 Materials and Methods 
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(pH 7.0; Sigma brand products, St. Louis, USA) were used as non-selective media. 
All agar media were prepared according to the manufacturer’s instructions and 
autoclaved at 121°C for 15 minutes (CertoCLAV A-4050 autoclave, CertoClav 
Sterilizer GmbH, Traun, Austria). After that, agar solutions were poured into 
plates under sterilized conditions and stored in 2°C. 
 
3.4 Sample preparation 
Three gram of cheese sample was cut from the core of each cheese bulk separately 
and the cheese sample was placed into 50 ml falcon tube. Then 27 ml of PBS solu-
tion (pH 7.2) was added to the falcon tube. After the sample was shaken (INFORS 
HT shakers, Switzerland) at 0.24 g force for 30 minutes at 37°C. Resulted sample 
was considered as 100 concentrated solution. 100 µl from 100 concentrate was 
transferred into the Eppendorf safe lock tube (Eppendorf, Germany) with 900 µl 
PBS solution using a 1000 µl micro pipette to prepare the 10-1 diluted solutions. 
Then the dilutions of 10-2, 10-3, 10-4 and 10-5 were also prepared by mixing 100 µl 
of higher concentrates with 900 µl of PBS solution. After that 100 µl of each solu-
tion was pipetted to four plates from each agar medium to grow under anaerobic 
and aerobic conditions and spread by inoculation spreader (SARSTEDT, Germa-
ny) under sterilized conditions. However, all the concentrations; 100, 10-1, 10-2, 10-
3, 10-4 and 10-5 were prepared only for cheese A-good and cheese A-bad which 
were incubated under anaerobic conditions in rogosa and PCA media to identify 
the best concentration for microbial growth. Therefore, initially 48 plates were 
prepared from cheese A-good and A-bad. After that, 100 and 10-1 were identified 
as best concentrations for proper microbial growth by observation. After that, 112 
plates of cheese B and C in all four media under anaerobic and aerobic conditions, 
cheese A-good and A-bad in TSA and M-17 media under anaerobic and aerobic 
conditions and cheese A-good and A-bad in rogosa and PCA media under aerobic 
condition were prepared only from 100 and 10-1 concentrations. Altogether, 160 
plates were prepared. 
3.5 Incubation of samples in anaerobic and aerobic 
condition 
The duplicated concentrations of each agar medium were incubated in both aero-
bic and anaerobic conditions under 37°C for 72 hours. For anaerobic conditions 
the anaerobic jars with microbiology anaerocult (Merk KGaA, Darmstadt) were 
used.  
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3.6 Colony forming units and re-cultivation by streaking 
method 
The number of colonies and log colony forming units (cfu)/gram of cheese were 
calculated only for 10-1 concentration, hence it had a considerable microbial 
growth with a proper density for counting. By considering morphological differ-
ences like size and shape, some of the randomly selected colonies from both 100 
and 10-1 concentrations were inoculated to new plates by streaking method under 
sterilized conditions. The colonies from anaerobic and aerobic conditions were 
again incubated in anaerobic and aerobic conditions respectively.  
3.7 Microbial identification by MALDI ToF MS 
Six colonies from each agar media in each cheese type under anaerobic and aero-
bic conditions were analysed. Initially, 96 colonies under anaerobic condition for 
all four cheese types in all four agar media and only 48 colonies under aerobic 
condition for cheese B and C in all four agar media were analyzed. After that, 
additional 20 colonies were analyzed for the plates in which the score value for 
identification was less and in which some organisms were presented in very low 
frequencies. Altogether, 164 colonies were analyzed. Matrix assisted laser desorp-
tion ionization-time of flight mass spectrometry (MALDI ToF MS) 
(269944.01850, Bruker Daltonics GmbH., Germany) was used for microbial iden-
tification, combined with software (MBT Compass). A re-cultivated colony was 
slightly touched by a toothpick and it was streaked on a circle of the target. Each 
colony was run in duplicates and therefore, 328 identifications were done. After 
that, 1 µl of matrix was put on the circle by a micro pipette. After the matrix was 
dried, it was inserted into the MALDI ToF MS. The results were compiled by the 
software connected to instrument and database within few minutes.  
3.8 Statistical analyses 
Average of the cfu of 10-1 concentration of all the media under both aerobic and 
anaerobic conditions were calculated for all four cheese types. These averages 
were considered as replicates and mean log cfu/g of cheese were calculated for all 
four cheese types under both anaerobic and aerobic conditions (Tukey pairwise 
comparison, Minitab 17.3.1 version). The principal component analysis was done 
for the different microbial organisms grown in different cheese types (OriginPro 
2017). Percentage of different microbial content of a cheese was calculated based 
on the identification results given by MALDI ToF MS. 
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4.1 Number of colonies formed by different cheeses in 
anaerobic conditions 
Mean values of log cfu/g of cheese of A-good, A-bad, B and C cheeses were sig-
nificantly not different in anaerobic conditions (Table 1). 
Table 1. Mean log colony forming units (cfu) per gram of cheese for four different cheeses in 10-1 
concentration under anaerobic conditions 
 
     Cheese type Mean (log cfu/g of cheese) 
          A-good 4.85 ± 0.40a 
          A-bad 5.21 ± 0.10a 
          B 5.45 ± 0.76a 
          C 5.82 ± 0.40a 
Values within a column having different superscripts are significantly different (p< 0.05) 
4.2 Number of colonies formed by different cheeses in 
aerobic conditions 
The log cfu/g of cheese for cheese A-good and cheese A-bad were not significant-
ly different. Also, no significant difference was observed for cheese C and cheese 
B (Table 2). However, log cfu/g of cheese in cheese A-good and A-bad were sig-
nificantly different from cheese B and C (p<0.05). There was no colony growth on 
the agar plates when homogenate from cheese A-good and cheese A-bad in aero-
bic conditions were tested. 
4 Results 
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Table 2.  Mean log colony forming units (cfu) per gram of cheese for four different cheeses in 10-1 
concentration under aerobic conditions 
 
     Cheese type Mean (log cfu/g of cheese) 
          A-good 0.00 ± 0.00a 
          A-bad 0.00 ± 0.00a 
          B 4.81 ± 3.21b 
          C 5.72 ± 0.50b 
Values within a column having different superscripts are significantly different (p< 0.05) 
 
4.3 MALDI ToF MS analyses for colonies in anaerobic 
conditions 
The distribution of microorganisms grown in different cheeses during anerobic 
conditionsis shown in Figure 1. Highest presence of each microorganisms was: L. 
paracasei, in cheese A-good; L. lactis, in cheese C and Propionibacterium 
freudenreichii (P.  freudenreichii), in cheese B. Cheese A-good contained only L. 
paracasei. Cheese A-bad contained 81.25% of L. paracasei and 18.75% of uni-
dentified organisms. Cheese B contained 87.50% of L. lactis, 4.17% of L. paraca-
sei, 4.17% of P. freudenreichii and 4.17% of unidentified organisms. Cheese C 
contained only L. lactis. 
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1-Lactobacillus paracasei                     2-Lactococcus lactis 
3-Propionibacterium freudenreichii     4-No identifications 
 
Figure 1. Principal component analysis for different microorganisms identified by MALDI ToF MS 
in four cheese types in anaerobic conditions. 
 
4.4 MALDI ToF MS analyses for colonies in aerobic 
conditions 
The distribution of microorganisms grown in different cheeses during aerobic 
conditions is shown in Figure 2. Highest presence of each microorganism was: L. 
lactis and L. paracasei in cheese B and Leuconostoc pseudomesenteroide (L. 
pseudomesenteroide) in cheese C. Cheese A-good and A-bad did not have any 
colony in aerobic conditions. Cheese B contained 79.17% of L. lactis, 8.33% of L. 
paracasei and 12.5% of unidentified organisms. Cheese C contained 61.54% of L. 
lactis, 30.77% of L. pseudomesenteroide and 7.69% of unidentified organisms. 
●A- good 
●A-bad 
●B 
●C 
1 
2 
3 
4 
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1-Lactobacillus paracasei                         2-Lactococcus lactis  
3-Leuconostoc pseudomesenteroide          4-No identifications 
 
Figure 2. Principal component analysis for different microorganisms identified by MALDI ToF MS 
in four cheese types in aerobic conditions. 
Microbial growth in different agar media in anaerobic and aerobic conditions 
were differ from each other and details of different microorganisms presented in 
rogosa, M-17, PCA and TSA are shown in Appendix 1. 
 
●A-good, A-bad 
●B 
●C 
1 
4 
2 
3 
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5.1 Colony forming units in different cheeses under 
anaerobic conditions 
Present study suggested that there was not significant difference between A-good, 
A-bad, B and C cheeses in terms of log cfu/g of cheese incubated in anaerobic 
conditions (p<0.05). The cheese B and C contained same amount of cfu irrespec-
tive of their different brands and other production aspects. Possible reason to ob-
serve the same level of cfu/g of cheese in all cheese types could be as explained by 
Souza et al. (2003). According to the authors microbiota content reaches to their 
highest presence in the cheese after seven days of maturation and after that it re-
duces due to lactic acid production followed by reduction of pH. However, the 
cheese A-good and bad also had the significantly similar amount of log cfu/g of 
cheese as B and C. As Grappin and Beuvier (1997) have explained, the most im-
portant sensory properties as taste, aroma, texture and flavor are affected by lipol-
ysis and proteolysis. According to the Zheng et al. (2016), moisture, protein and 
fat content determine the cheese texture. According to the Starrenburg and 
Hugenholtz (1991), Leuconostoc species contribute for the flavor in cheese by 
citrate metabolism. Hutkins (2008), has explained that starter culture bacteria en-
hance the sensorial properties of cheese.  These findings demonstrate that sensorial 
quality depends on many factors as well as the microbial composition. In other 
hand, log cfu/g of cheese gives an idea about the total amount of microbiota. This 
microbiota can be consisted with different species, subspecies or strains. There-
fore, log cfu/g of cheese can be same even in sensorial different cheeses. 
5 Discussion 
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5.2 Colony forming units in different cheeses under aerobic 
conditions 
There was not significant difference between cheese B and cheese C, incubated in 
aerobic conditions. Although L. paracasei presented in both cheese A-good and 
Cheese A-bad under anaerobic conditions, there were no colony growth in the 
samples from cheese A-good and A-bad in aerobic conditions. George and Raizul 
Haque (2013) discussed that Lactobacllus species are symbiotic anaerobic bacte-
ria. Also, Cerbo and Palmieri (2013) have described L. paracasei as a gram-
positive, nonsporing and nonaerobic bacteria and however, they are aero-tolerant. 
These results prove that aerobic conditions are not best for growth of most of the 
Lactobacillus species. 
5.3 MALDI ToF MS analyses for colonies in anaerobic 
conditions 
Principal component analysis (Figure 1) gives an overview about microbiota com-
position in all studied cheese types. It showed that four different cheese types were 
differed in terms of the microorganisms present in the cheese. Although the log 
cfu/g of cheese of four different cheese types were not significantly different, the 
microorganism species presented in the four different cheeses were different. Due 
to limitation of MALDI ToF MS databases, there were some unidentified micro-
organisms. The highest present could be seen in cheese A-bad. We speculate that 
this could be one of the potential reasons for lower sensorial scores for cheese A-
bad. Present study is a part of ongoing research project at the dairy research group 
of Swedish University of Agricultural Sciences (SLU) and the study was per-
formed within a limited time period. Therefore, further identification of unidenti-
fied organisms will be continued at next phases of the project. P. freudenreichii 
were presented only in cheese B. This cheese is of type round-eyed cheese. It is in 
agreement with Caplice and Fitzgerald (1999), showing that Propionibacterium 
species produce carbon dioxide which results the characteristic eye formation of 
round-eyed cheeses L. lactis highly presented in cheese C. L. lactis is a major 
starter culture bacteria used in cheese industry for the lactic acid fermentation 
(Song et al., 2017). In cheese A-good, all the analyzed colonies were L. paracasei, 
a popular starter culture bacteria in cheese industry and  which act as an probiotic 
strain (Desmond et al., 2004; Smokvina et al., 2013). 
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5.4 MALDI ToF MS analyses for colonies in aerobic 
conditions 
Principal component analysis (Figure 2) shows that both cheese A-good and A-bad 
are same as there was no colony growth in both cheese types under aerobic condi-
tions. L. pseudomesenteroide presented only in cheese C. Starrenburg and 
Hugenholtz (1991) have explained that this species contributes for the flavor. Al-
so, Hemme and Foucaud-Scheunemann (2004)  have mentioned that L. pseudo-
mesenteroide is involved in the process of carbon dioxide production and by that 
giving the characteristic eyes to the round-eyed cheese. This is in agreement with 
the type of cheese C. Cheese B was consisted with both L. paracasei and L. lactis 
which are one of the most popular starter culture bacteria in cheese production. 
Although, L. paracasei does not favor on aerobic conditions, some growth could 
be seen in cheese B in aerobic conditions. Possibly this could be a subspecies or 
strain which can tolerate the aerobic conditions. This is in agreement with Cerbo 
and Palmieri (2013) who have reviewed that although Lactobacilli are anaerobic, 
they can tolerate aerobic conditions. However, these microorganisms need to be 
identified in terms of sub species or strains level as further investigations.  
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The log cfu/g of cheese was not significantly different among cheese A-good, A-
bad, B and C. However, microbial composition was different for all studied cheese 
types. Good and bad sensorial cheeses were different in terms of microbial compo-
sition. Highest presence of unidentified organisms could be seen in cheese A-bad 
due to the limited database of MALDI ToF MS. However, since the aim of the 
current study was to get an overall picture of microbial composition of different 
cheese, MALDI ToF method can be concluded to be a suitable one because of its 
rapidity and accurate results without complicated laboratory procedures. However, 
for identification in sub species or strain levels, further investigations should be 
done with DNA or RNA based analyzing methods. 
 
6 Conclusions 
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Some of the new researches can be created based on this research to clarify the 
emerged problematic aspects as listed below: 
 
 MALDI ToF MS can be improved to identify subspecies or strain levels 
by improving its database with details of spectra of subspecies and strains 
 Unidentified organisms can be identified by DNA or RNA based molecu-
lar methods to test whether there was any linkage between these organ-
isms and sensorial properties 
 
7  Future perspectives 
28 
 
This bachelor thesis is submitted to Department of Molecular Sciences, Swedish 
University of Agricultural Sciences (SLU), Uppsala, Sweden in the accomplish-
ment of International Credit Mobility (ICM) programme. This program is connect-
ed to Erasmus+ action within SLU and University of Peradeniya, Sri Lanka. I am 
sincerely thankful to the ICM programme and Erasmus mobility team on behalf of 
giving this great opportunity. I am much grateful for my following supervisors for 
their valuable collaboration and supervision given on research programme. Asso-
ciated Professor Monika Johansson at SLU is highly thanked for the kind, valuable 
supervision and consideration. I am very glad about the opportunity I got to be 
supervised by you. Dr. Janak K. Vidanarachchi at University of Peradeniya, Sri 
Lanka who is highly thanked for the valuable guidance and supervision given 
throughout the academic and research period. It is a great opportunity to be super-
vised by a valuable person like you. I am much grateful for my co-supervisors, 
Hasitha Priyashantha and Li Sun, your supervision from the beginning to end was 
a huge support for the success of research. I would sincerely express my thanks to 
Professor Ase Lundh, for your valuable support and consideration given on the 
research programme. 
I would like to be thankful for Annika Hojer at Norrmejerier, for her valuable 
support and meaningful explanations. And, I am much thankful for Yashaswini 
Nagavara Nagaraj visiting researcher at SLU, for her valuable support given 
throughout the research period. I would like to extend my sincere thanks to Lena 
Dimberg for evaluating the research programme and for her kind guidance. 
I am much thankful for the staff, researchers and students at SLU and Universi-
ty of Peradeniya and all the people who helped me howsoever. Last but not lease, I 
would like to thank my family and friends for being a strength for me to complete 
the research. 
  
 
8 Acknowledgement 
29 
 
 
 
Almena-Aliste, M., Mietton, B., 2014. Cheese Classification, Characterization, 
and Categorization: A Global Perspective. Microbiol Spectr. 2. 
doi:10.1128/microbiolspec.CM-0003-2012 
 
 Angeletti, S., 2017. Matrix assisted laser desorption time of flight mass spectrom-
etry (MALDI-TOF MS) in clinical microbiology. J. Microbiol. Methods, 
138, 20–29.  
 
Beresford, T.P., Fitzsimons, N.A., Brennan, N.L., Cogan, T.M., 2001. Recent ad-
vances in cheese microbiology. Int. Dairy J. 11, 259–274.  
 
Bylund, G., 1995. Dairy processing handbook. Tetra Pak Processing Systems AB, 
Lund, Sweden. 
 
Caplice, E., Fitzgerald, G.F., 1999. Food fermentations: role of microorganisms in 
food production and preservation. Int. J. Food Microbiol. 50, 131–149.  
 
Cerbo, A.D., Palmieri, B., 2013. Lactobacillus Paracasei sybsp. Paracasei F19: una 
actualización de farmacogenomic y clínica. Nutr. Hosp. 28, 1842–1850.  
 
Cobo, F., 2013. Application of MALDI-TOF Mass Spectrometry in Clinical Vi-
rology: A Review. Open Virol. J. 7, 84–90.  
 
Desmond, C., Fitzgerald, G.F., Stanton, C., Ross, R.P., 2004. Improved Stress 
Tolerance of GroESL-Overproducing Lactococcus lactis and Probiotic 
Lactobacillus paracasei NFBC 338. Appl. Environ. Microbiol. 70, 5929–
5936.  
 
Fox, P.F., Guinee, T.P., Cogan, T.M., McSweeney, P.L.H., 2017. Factors that 
Affect Cheese Quality, in: Fundamentals of Cheese Science. Springer, 
Boston, MA, pp. 533–542. 
9 References 
30 
 
Fox, P.F., McSweeney, P.L.H., Cogan, T.M., Guinee, T.P. (Eds.), 2004. Cheese, 
in: Cheese: Chemistry, Physics and Microbiology, Major Cheese Groups. 
Academic Press, pp. 123–142 
 
George, S., Raizul Haque, P., 2013. Growth of Lactobacillus on best suitable me-
dia. J. Kinesiol. Nutr. Stud. Res. 1. 
 
Giebel, R., Worden, C., Rust, S.M., Kleinheinz, G.T., Robbins, M., Sandrin, T.R., 
2010. Microbial fingerprinting using matrix-assisted laser desorption ioni-
zation time-of-flight mass spectrometry (MALDI-TOF MS): Applications 
and challenges, in: Advances in Applied Microbiology, Academic Press, 
pp. 149–184.  
 
Grappin, R., Beuvier, E., 1997. Possible implications of milk pasteurization on the 
manufacture and sensory quality of ripened cheese. Int. Dairy J. 7, 751–
761.  
 
Hemme, D., Foucaud-Scheunemann, C., 2004. Leuconostoc, characteristics, use in 
dairy technology and prospects in functional foods. Int. Dairy J. 14, 467–
494.  
 
Irlinger, F., Mounier, J., 2009. Microbial interactions in cheese: implications for 
cheese quality and safety. Curr. Opin. Biotechnol., Food Biotechnology / 
Plant Biotechnology, 20, 142–148.  
 
Mandell, J.G., Falick, A.M., Komives, E.A., 1998. Measurement of Amide Hy-
drogen Exchange by MALDI-TOF Mass Spectrometry. Anal. Chem. 70, 
3987–3995.  
 
McSweeney, P.L.H., Ottogalli, G., Fox, P.F., 2004. Diversity of cheese varieties: 
An overview, in: Fox, P.F., McSweeney, P.L.H., Cogan, T.M., Guinee, 
T.P. (Eds.), Cheese: Chemistry, Physics and Microbiology, Major Cheese 
Groups. Academic Press, pp. 1–23.  
 
O’Mahony, J.A., Fox, P.F., 2014. Milk: An Overview, in: Milk Proteins (Second 
Edition), Food Science and Technology. Academic Press, San Diego, pp. 
19–73.  
 
Papademas, P., 2014. Dairy Microbiology: A Practical Approach. CRC Press. 
 
Robert W Hutkins, 2008. Microbiology and Technology of Fermented Foods. John 
Wiley & Sons. 
 
Schiller, J., Süß, R., Arnhold, J., Fuchs, B., Leßig, J., Müller, M., Petković, M., 
Spalteholz, H., Zschörnig, O., Arnold, K., 2004. Matrix-assisted laser de-
sorption and ionization time-of-flight (MALDI-TOF) mass spectrometry 
in lipid and phospholipid research. Prog. Lipid Res. 43, 449-488 
31 
 
 
Singhal, N., Kumar, M., Kanaujia, P.K., Virdi, J.S., 2015. MALDI-TOF mass 
spectrometry: an emerging technology for microbial identification and di-
agnosis. Front. Microbiol. 6. https://doi.10.3389/fmicb.2015.00791 
 
Smokvina, T., Wels, M., Polka, J., Chervaux, C., Brisse, S., Boekhorst, J., Vlieg, 
J.E.T. van H., Siezen, R.J., 2013. Lactobacillus paracasei Comparative ge-
nomics: Towards species pan-genome definition and exploitation of diver-
sity. PLoS ONE 8. https://doi.org/10.1371%2Fjournal.pone.0068731 
 
Song, A.A.-L., In, L.L.A., Lim, S.H.E., Rahim, R.A., 2017. A review on Lacto-
coccus lactis: from food to factory. Microb. Cell Factories, 16, 55.  
 
Souza, C.F.V. de, Dalla Rosa, T., Ayub, M.A.Z., 2003. Changes in the microbio-
logical and physicochemical characteristics of Serrano cheese during 
manufacture and ripening. Braz. J. Microbiol. 34, 260–266.  
 
Starrenburg, M.J.C., Hugenholtz, J., 1991. Citrate fermentation by Lactococcus 
and Leuconostoc spp. Appl. Environ. Microbiol. 57, 3535–3540. 
 
Wieser, A., Schneider, L., Jung, J., Schubert, S., 2012. MALDI-TOF MS in mi-
crobiological diagnostics—identification of microorganisms and beyond 
(mini review). Appl. Microbiol. Biotechnol. 93, 965–974.  
 
Zheng, Y., Liu, Z., Mo, B., 2016. Texture profile analysis of sliced cheese in rela-
tion to chemical composition and storage temperature [WWW Document]. 
URL https://www.hindawi.com/journals/jchem/2016/8690380/ (accessed 
10.10.17) 
32 
 
 
 
Microbial growth in different agar media in anaerobic and aero-
bic conditions 
L. paracasei, L. lactis and P. freudenreichii were identified in anaerobic condi-
tions. All three microorganisms were observed in TSA media. L. paracasei, L. 
lactis and L. pseudomesenteroide were identified in aerobic conditions. All three 
microorganisms could be detected in rogosa medium. The species grown in M-17 
and PCA media were L. lactis and L. paracasei. 
Table 1. Presence of different microorganisms in different media under aerobic and anaerobic con-
ditions 
Microorganism Medium 
Rogosa M-17 PCA TSA 
Lactobacillus paracasei AB B B B 
Lactococcus lactis AB AB AB B 
Propionibacterium freudenreichii NG NG NG B 
Leuconostoc pseudomesenteroide A NG NG NG 
Unidentified organisms A NG B AB 
AB-Grow under both aerobic and anaerobic conditions 
B-Grow under anaerobic conditions only 
A-Grow under aerobic conditions only 
NG-Not growing in any condition 
 
Shape of the colonies in all four media was round and greyish white in colour. 
However, the colonies grown in M-17 plates were larger than colonies grown on 
other media. The colonies grown in rogosa and TSA were very small and higher in 
density. 
According to the Table 1, L. lactis and L. paracasei have grown in all four me-
dia; rogosa, M-17, PCA and TSA. Since TSA is a general type of medium most of 
10 Appendix 1 
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the microbiota has grown on these plates. An exception was P. freudenreichii. 
Therefore, TSA can be used as a good medium to identify microorganisms present 
in the cheese.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
